Introduction
A radio hissing noise originating from outside the earth's atmosphere from the direction of our galactic centre was established by Karl G. Jansky in 1933 at the Bell Telephone Laboratories. His discovery, and the subsequent work by Grote Reber, are well known and described. Reber's entry into the new astronomy was made in 1937 at Wheaton, Illinois, by building a 32 ft diameter radio telescope and confirming Jansky>s observations, using a high quality 160 MHz receiver in the winter of 1943/44; interestingly, both men made their discoveries during a sunspot minimum. The intensity of cosmic noise was plotted as a contour map by Reber to show a number of peaks associated with bright areas in the Milky Way; this map can be regarded as the first chart of the radio sky. He also noted an extra radio source which was recognized as originating from the sun. The observation of solar radio noise by Reber was presented in the open literature, unlike the earlier observation of solar noise which had been discovered by J.S. Hey in the operation of the British radar network in 1942. Somewhat later that year, microwave solar emissions were also found by G.C. Southworth of Bell Telephone Laboratories using radar receivers, but publication was delayed.
While attending UBC in the fall of 1939,1 can recall browsing through the journals to find an illustration of Reber's parabolic mirror, and wondering how lightning discharges could originate in space. The unique mirror was discussed with amateur astronomical friends without any intention of making observations, since I was working on a thesis on a simple electron microscope. After obtaining an MA degree (Maths and Physics) in 1940,1 enrolled as a graduate student in physics at the University of California in Berkeley. Circumstances changed drastically with the bombing of Pearl Harbor, and early in 1942 a position was accepted in Ottawa in the Radio Branch of the National Research Council of Canada (NRC) without knowing the nature of the work I would be involved in. However, as a former wireless operator I had expectations using my experiences in one of the radio communication networks in what was a global war.
Radio Branch of the National Research Council, Ottawa
The trans-continental train from Vancouver arrived in Ottawa on 25 June 1942 and I reported for work at the Radio Branch of NRC on Sussex Drive. TWo days later, after various formahties had been completed, I was driven south of Ottawa to the Radio Field Station (RFS), where I would work until the fall of 1953. At a time when private transportation was limited, this travel arrangement was a service provided on a daily basis by volunteer Red Cross Drivers using NRC station wagons. Don McKinley met me at the Guard House and we proceeded to his office for discussions of problems. He was then Head of the Airforce Section, later Director of the Radio and Electrical Engineering Division (REED), and still later Vice President of Research for NRC. He and Peter Millman became well known for their radar observations of meteors. Since I had no experience with standing wave measurements, he assigned me to Ken MacKay, to learn while helping him. Adjacent to the station, there was a small wartime housing project popularly called 'Dog Patch', to relieve living accommodations in crowded wartime Ottawa and to compensate for the inconvenience of the isolation of the field station for some of the staff. Others had to live in Ottawa and commute to and from the site. Gasoline rationing was in effect. Gordon Retallack, classmate and friend from UBC and Berkeley, had taken an earlier position in the Radio Branch, and it was a pleasure to see him again. His experience at the RFS softened the strangeness of a new environment for me.
Engineering Design of Radar Sets at the RFS
A radar set uses an antenna, often the paraboloid reflector, to transmit pulses in narrow beams to distant objects. Conversely it receives the reflected radio waves, greatly reduced in signal strength, from certain directions. The inclusion of a transmit-receive tube (TR box) in the transmission line between receiver and transmitter enables the same antenna to be used for dual functions. The German radio astronomer, Hackenberg, recalled (according to A.C.B. Lovell) that even though he knew about the closely guarded magnetron, the functioning of an 'empty' glass tube found in the transmission line of a grounded plane was a mystery. Meteor radar astronomy makes full use of the components of the radar set, while radio astronomy uses only the antenna and the receiver to detect the natural emissions of objects. Special instruments such as the cathode ray tube, loud speaker, and recording meter, are used in both applications to present the data, as shown in the schematic diagram of figure 1.
The receiver is of the superheterodyne type to convert the high frequency of the signal to a lower frequency where most of the amplification occurs. As in the early days of radio, a tungsten 'cat's whisker' was critically adjusted to provide maximum conversion from the signal's high frequency to an intermediate one of 30 MHz, and then potted with wax in a small cylinder. The performance of a radar set, or of a radio telescope, requires that many components meet their specifications, and that the overall operation be undertaken with established standards. In the early days at the RFS it was customary to regard the echo from Left: Pulse transmitter, separate transmitter and receiver antennas, radio receiver and oscilloscope for determining time separation of pulses for callibration of distance of object. Right: Loud speaker, recording meter, receiver and radio telescope for capturing natural radio emissions from a distant source.
the Peace Tower in Ottawa as a standard, in order to evaluate design changes. However, specialized instruments and procedures were soon developed to measure the power output of the magnetron, and the gain and equivalent temperature of the crystals used in the receiver. Thus at the end of the war, radio astronomy would readily have the use of the best technology of the times. 
Calibration of a Radio Telescope
Figure 3 is a photograph of a small 10.7 cm dipole and parasitic reflector dipole, placed with their mid point at the focus of the four foot reflector used for a radio telescope. In this photograph, taken at the GHRO in 1965, a Radio Black Box is about to be closed, thereby placing the simple antenna unit in the thermal radio emission inside the box. The 'blackness' is formed from a resistive liner, a carbon coated cloth, spaced one quarter wavelength from the sides of the metal box. The recorded signal corresponds to the temperature of the box as determined by a thermometer. A second level is required for a calibration of the radiometer, and is obtained by removing the box and pointing the beam toward the zenith, which provides a temperature shown to be close to absolute zero. A series of measurements made by WJ. Medd and Covington provided a value of 5.5 degrees K. These two levels provide the means to establish a temperature scale for an output recording meter when the radio telescope is pointed toward an ob- Dicke type radiometer mounted on a shelf continuously switches a superheterodyne receiver between a waveguide line from the radio telescope and a resistor at ambient. The modulation signal is amplified and recorded.
ject. In the case of a six foot dish, such as the one used at the Algonquin Radio Observatory (until recently) and another at the Dominion Radio Astrophysical Observatory, when pointing toward the sun there is an equivalent temperature of about 300 degrees K at sunspot minimum, and up to a few thousand degrees at sunspot maximum. The total solar disc flux is obtained, since the angular width of the sun is much smaller than the antenna beamwidth. The two widely separated radio telescopes extend the hours of observation for solar bursts. Figure 3 records a re-enactment of a daily calibration of the four foot reflector used in 1946 during a press interview with Richard Jackson.
A New Astronomy
The record of monitoring the total 10.7 cm radio wave emission from the sun during the partial eclipse of 23 November 1946, established that a high temperature of 1.5 million degrees K was associated with a large sunspot, and that the one half degree solar disc was considerably cooler, about 50,000 degrees. Such high temperatures had been indicated by the presence of certain spectral lines in the solar corona, and in the bright light from condensations of ionized gases seen near sunspots on the solar limb. The radio picture is in contrast to the optical picture which shows a cool spot on a hotter background (6000 degrees).
Visit of Edward V. Appleton
TWo or three days after the solar eclipse of 23 November, the Radio 14 His experiments in 1925 had established the basis of ionospheric studies, and in 1932 he had a special stairway was erected to bypass the security fence. Under no circumstance would more than two minutes be assigned to me to describe the radio astronomy work as he passed through the microwave section. However, when the record of the variation of solar flux during the eclipse was shown, he enthusiastically wanted to know all the details, and I soon realized that more than the allotted time had passed. Even though the Dominion Observatory had been fortunate to obtain excellent photographs of the event, they were being processed and little more could be said than a large sunspot on the solar disc was occulted when the radio emission was rapidly changing. Appleton had just written a letter to Nature about the polarization of solar emissions from sunspots and how the mathematical propagation of radio waves could be applied to the emissions in the solar atmosphere. By now, I realized that too much time had been taken; ultimately President C J. Mackenzie had to mention that there were other projects to visit, and the small party moved on. Several weeks later, a copy of another letter to Nature was received, in which Appleton closes with one of the earliest uses of the word 'radio telescope.' I cannot recall whether or not he used the word in conversation, but he certainly conveyed the idea that with large microwave antennas and the sharp beams, one could look inside a radio-sun-spot. Our brief conversation was informative, I think, for both of us. Eleven years later, in 1957 at the URSI Boulder, Colorado General Assembly, he recognized me once more for a few minutes of conversation on the college campus.
However, to return to Ottawa at the end of the week, Appleton gave a series of talks on scientific developments which had occurred in the United Kingdom during the war: radio propagation of a global nature, metric solar noise observations, and meteor observations. He referred in general terms to the problems of rewarding the back room scientist upon whom so much depends, but presented no clear answers. . Calibration of Radio Telescope and Radiometer. This is done by placing a cubical Radio Black Box on the parabolic reflector so that the dipole unit at the focus is at the centre of the box. Cover about to be closed. Carbon cloth inside box provides known thermal radio emissions.
somewhere in Canada. Consequently, he wrote a letter to C.S. Beals proposing a cooperative radio and optical program for studying meteors.
Daily Solar Noise Observations
The discovery of two components of the total disc radio flux, later designated as the slowly varying and the quiet sun components, was made unexpectedly with the four ft diameter radio telescope at the Radio Field station of the National Research Council just south of Ottawa. In February, 1947, daily monitoring of the sun was started with the view of studying how well the total radio flux would correlate with the number or area of sunspots. Day to day variations in intensity were recorded with occasional enhancements of the total radio flux lasting tens of minutes. A third component, the microwave solar noise burst, had been found. The onset was soon found to be closely related to the sudden interruption of radio transmissions of distant radio stations, known as Sudden Ionospheric Disturbance (SID). From studies made a few years earlier by Dellinger and others, one knew that a solar flare had occurred, with accompanying emission of intense uv and x-ray emissions and sometimes solar particles. The direct cause of these daylight interruptions arises from the absorption of the short wavelength emissions in the earth's upper atmosphere at the time of the flare, as well as geomagnetic storms and aurora from the slower particles.
Presentation of Observations to Joint Meeting of URSI American Section and Institute of Radio Engineers
When the American section of URSI and the IRE announced the resumption of their joint meetings in Washington, DC, for 5-7 May 1947, G A. Miller suggested that a paper on solar radio waves should be submitted. Daily observations had been made for three months, and had shown that microwave bursts occurred infrequently, and that the daily level changed slowly. Waves', and then Taper No.47 -Cosmic Noise' was presented by Jack W Herbstreet, NBS, Washington DC. These were the only papers devoted to radio astronomy, along with 95 papers dealing with other radio problems. Afterward, I had the opportunity to meet Karl Jansky, who had discovered radio noise of extraterrestial origin in 1933, and Grote Reber, who had constructed the first radio telescope. A.H. Shapley, VJ. Lincoln, and others from various institutions were also present. The discussions were inevitably about the approaching new era in radio science.
At the fall 1947 URSI-IRE meeting, my second paper, #10, entitled 'Solar Noise Bursts, 10.7 Centimeters' was presented. Radio astronomers from the Naval Research Laboratories (NRL), John P. Hagen, F. Haddock, E.F. MacLean and others had returned from the spring eclipse expedition. J. The study showed that there is a 10 cm radio event only when a flare or sub flare is in progress, and that the commencements of burst and flare coincide within a few minutes.
Canadian Radio Wave Propogation Committee
The transmission of short radio waves over great distances may change irregularly from day to day in addition to the slower eleven-year sunspot variation. The coordination of vital radio communications across the North Atlantic was undertaken as early as 1941 by an inter-service government committee, later the Canadian Radio Wave Propogation Committee (CRWPC). 31 The variations in solar ionizing emissions during the total solar eclipse of 9 July 1945 were studied by expeditions to the path of totality in the Canadian prairies. Unfortunately a major expedition with optical equipment was clouded out. Nevertheless, Alfred E. Johns recorded the apparatus setup.
32 Donald H. Menzel, USNR (Harvard College) was the leader, accompanied by C.S. Beals, Dominion Astrophysical Observatory and Gerhard Herzberg, then of the University of Saskatchewan and eleven others. The site was selected by Squadron Leader John Abrams, who later became interested in the history of science. In early 1947, Beals was appointed Dominion Astronomer; in 1949, Menzel became a member of the USA National Committee of URSI.
The CRWPC also supported other programs, such as the radio propogation studies at the Suffield Range in Alberta under GA. Miller. After the war, in 1946, he became Section head of the Microwave Section in the REED and was responsible for managing a number of programs, including radio astronomy. The early funding for radio astronomy was minimal, since there was naturally little status for a very young discipline. After Miller had attended a meeting of the CRWPC, probably in 1948, he reported to me that Beals had wanted to start a program in radio astronomy and that F.T. Davies had insisted that Covington continue his work where he is for a while, until the new field had become defined and suitably trained individuals were available. In the 1983 study, Phillipson records that the Radio Propogation Committee was dissolved after DRB created its Radio Physics Laboratory (RPL) and authorized NRC to take up radio as- tronomy. It was only in the spring of 1956 that Beals was able to reconsider a radio astronomy program which ultimately resulted in the establishment of the Dominion Radio Astrophysical Observatory in 1960 near Penticton, BC.
The operation of the solar patrol was simple and not excessively time consuming. Other experiments were undertaken, such as the construction of a quarter wave plate to fit over the four foot reflector. The observations showed that there were small variations in circularly polarized flux as the sunspot configurations changed. This was regarded as the imprint of the action of the changing orientation of the spots and the radio emission from electrons spiralling around magnetic fields with high velocity in the solar atmosphere, as in a cyclotron.
Goth Hill Radio Observatory
The 81st meeting of the AAS was held at the Dominion Observatory in Ottawa from 19-23 June 1949. Fifty four papers were presented, including six on radio astronomy and one on radar astronomy. Medd and I presented profiles of the same event observed simultaneously at 2800 MHz and at 200 MHz. At this time there were very few profiles of microwave events to compare with the metric wavelength events (Figure 4 ). The differences in starting times of the two bursts, measured from the onset of the flare, were interpreted using the model of an outward moving cloud exciting lower and lower frequencies. Ultimately, for the major flares at least, there is a likelihood of solar particles striking the earth's atmosphere to give rise to auroral displays. The determination of the velocity of ejection from the sun would soon benefit by the development of a frequency swept spectrometer by Paul Wild and others in Australia.
Several radio astronomers from the meeting visited the Goth Hill Radio Observatory and discussed critically three years of the 10.7 cm solar patrol observations. The instrumentation for the solar monitoring was stable, in large measure due to the brass transmission Unes and components, designed for the high power of radar sets. The 200 MHz observations were made to obtain simultaneous profiles of bursts for comparison with the event at 2800 MHz, and for a while these bursts were compared with those taken at Cornell. Local interference was evident and would increase in time. At this time the Naval Research Laboratory (NRL) was preparing instruments to record mm wavelength radio events for comparison with optical features. John P. Hagen reported the commitment of NRL to have a 50 ft precision reflector constructed. There was much interest in this undertaking which would open up a new region of the spectrum for radio astronomy.
Large Radio Telescopes
In 1946, Grote Reber had joined the NBS with plans to transfer his 32 ft radio telescope to the Washington area from Wheaton, 111. At this time the only other radio telescopes of comparable size made use of the German reflectors known as 'Wurzbergs.' Several observatories used them for a quick start of a program in Radio Astronomy. Reber obtained three (in addition to the Wheaton reflector), which were ultimately relocated in Boulder, Colorado, by the Central Radio Propagation Laboratory (CRPL) for a solar program. By 1949, many investigators were proposing the building of much larger parabolic reflectors; foremost among designs was one developed by Reber which was never made, and a 250 ft diameter reflector initiated in 1950 for Lovell. As is well known, the latter was fortunately completed in time to be used in tracking Sputnik.
Slotted Waveguide Array at Goth Hill Radio Observatory
Whenever I visit a harbour or pass through an airport, there is a good chance that I will see a long slim radar antenna which probably uses a slotted waveguide array. This was designed by W.H. Watson and E.W. Guptill who worked on an NRC project at McGill University. The antenna, when rotating, sweeps a narrow fan shaped beam around so that a picture is formed on a cathode ray tube. It was first incorporated into a 10 cm radar at the RFS in 1944 and a small production run of seven units made. After the war, the sets which had been installed at Dorval, Quebec and Stevenson, Manitoba airports were modified for civilian use.
Following the AAS Ottawa meeting in June, 1949, and the URSI-IRE meeting held in Washington in November, there was considerable interest in the design and the construction of a large radio telescope. G.A. Miller, H.E. Parsons and others held discussions on the possibility of using the slotted waveguide array placed on the line focus of a large parabolic cylinder. The planning was essentially an extension of the experience gained with the 30 by 6 ft MEW cylinder. On 8 August 1949, a memorandum was sent to Ballard listing possible programs for a radio telescope, using a large paraboloid cylinder, 150 ft by 24 ft. The construction could be in two stages; the first would be the construction of an unprecedentedly long 150 ft slotted waveguide which would collect radio energy at the line focus of some future large cylinder. Whether or not such a length would function satisfactorily was not known. After being made, the fan shaped beam could be tested by using it to observe the sun. In order to increase the signal strength, the collecting area was increased by making the array the bottom of a small wide horn and adding two short walls to form a trough (sometimes referred to as the 'hog trough'). This trough was mounted on a long shaft, and the assembly in turn mounted on bearings on a long E-W concrete wall. The trough could be set at various elevations to follow the seasonal elevations. In the ultimate design with a large cylinder, the trough would be mounted on the line focus of the large cylinder which had as yet to be designed. Until the array had been made and tested, Parsons would postpone the design of the large cylinder. However, since the land immediately around the small telescope was inadequate for the erection of the E-W wall, additional new land was leased in a lower field adjacent to the four foot reflector. A later study was made for the design of a 300ft array but was never seriously considered. The magnitude of the large antenna program meant that whatever resources became available, the exploratory program using 200 mhz would soon be discontinued.
In two strong radio sources and one weak one, and that distinct plages can be found for all three radio emissive regions. The absence of a dark sunspot for one plage illustrates the often preferred use of the spectroheliogram for studying solar activity, and the significance of the radio flux in providing a readily available index. . This historical review has not discussed all programs performed at the Goth Hill Observatory. In the beginning, only the solar emissions were strong enough to record. In 1959 the use of a travelling wave tube increased the sensitivity of the radiometer so that Medd and Broten were able to use the ten foot parabolic reflector at the Goth Hill Radio Observatory to observe the cosmic noise from our galaxy. Shortly afterward, in 1960, the Radio and Electrical Engineering Division undertook the development of the first stage of the national radio observatory at Lake Traverse, which became widely known as the Algonquin Radio Observatory (ARO).
Awareness of Need

